ABSTRACT -The experiment was carried out to evaluate the influence of nutritional correction on the partial diet replacement or pure-food methodology to determine the energy values (apparent metabolizable energy -AME and nitrogencorrect apparent metabolizable energy -AMEn) and coefficient of metabolizability of nutrients of maize. The method of total excreta collection was used, with 120 female Cobb 500 ® broilers weighing 1,339±3 g and at 28 days of age distributed in a completely randomized design with five replicates and four birds per experimental unit. The treatments were pure maize with three levels of nutritional correction (0, 50 and 100%) and a maize-replaced basal diet (400 g/kg) with two levels of correction (0 and 100%). The corrections were made in order to meet the nutritional requirements of calcium, available phosphorus and sodium yonder trace minerals, vitamins, choline, lysine, methionine + cystine, threonine and tryptophan. The AME and AMEn of maize and coefficient of metabolizability of dry matter were higher when correction at 100% was made, regardless of the methodology used (pure feed or replaced basal diet). The correction at 50% of nutrients increased the coefficient of metabolizability of crude protein in pure maize when compared with 0 or 100% of correction. The values determined with pure maize were lower than those determined with the method of partial replacement. The absence of nutritional correction underestimates the energy values and metabolizability of nutrients from maize.
Introduction
Improvements in the genetic potential of poultry have resulted in changes in their dietary and nutritional needs. Thus, to adequate the feed formulation to the poultry requirement, it is essential to know the correct energy values and digestibility of nutrients in the feed.
In the literature, the traditional methodology to determine the metabolizable energy (ME) of feedstuffs consists of simply replacing a percentage of the basal diet by tested feed (Matterson et al., 1965) . Another possibility to determine the nutritional values of feedstuffs is to use them in their pure form. However, Albino et al. (1987) pointed out that the values of ME of feedstuffs can be influenced by amino acid, vitamin and mineral compositions of the diets.
In this sense, the addition of some nutrients during the feed test can adequate the diets to the animal requirements, since their concentrations in feedstuffs are not sufficient to meet the requirements (Coehlo, 2000) . It is known that unbalanced diets can affect the growth and health of birds (Marks, 1975) and therefore the metabolism of nutrients of the feedstuffs .
Studies have shown, for example, that different amounts of vitamins can influence the metabolizability values of nutrients and energy from feedstuffs; among them are vitamin E , zinc (Trindade Neto et al., 2010) , calcium and phosphorus (Cardoso Júnior et al., 2010) and amino acids such as lysine (Trindade Neto et al., 2010) . Determining the energetic values of soybean meal for broilers, Avila et al. (2006) observed that adjusting the amounts of vitamins and microminerals in the test diet resulted in higher values.
Based on these pieces of information, it is necessary to adequate the traditional method of determination of nutritional values of feedstuffs with the nutrient correction in test diets. Thus, the present study was conducted to evaluate the influence of nutritional correction on the energy values and metabolizability of dry matter and crude protein of maize, using the methodology of partial replacement or pure feed to growing broilers.
Material and Methods
The experiment was conducted in the Department of Animal Husbandry, at Universidade Federal de Lavras (UFLA), located in the city of Lavras, Minas Gerais. All procedures were approved by the bioethics committee on utilization of animals of the institution. One hundred and twenty Cobb500 ® female broilers with initial average weight of 1,339±3g from 28 to 36 days of age were used. Animals were previously kept in a brick barn with bedding of wood shavings, receiving corn-soybean meal diets supplemented with other ingredients to meet the nutritional requirements recommended by Rostagno et al. (2005) .
After this period, birds were weighed, homogenized and housed in metabolic cages (50 × 50 × 50 cm) equipped with aluminum trays with feeders and drinkers. The cages were located in a room with settings partly controlled through digital devices and artificial light for 24 hours. The experimental period lasted eight days: five for adaptation of animals to the experimental conditions and three for total excreta collection (Sibbald & Slinger, 1963 , adapted by Rodrigues et al., 2005) . A completely randomized design with five replicates of four birds in each experimental unit was used.
The test diets consisted of pure maize supplied with three levels of nutritional correction for growing broilers (0, 50 and 100%) and the basal diet partially replaced with maize (400 g/kg on natural matter) as described by Matterson et al. (1965) at two levels of nutritional corrections (0 and 100%). The corrections were to meet the nutritional requirement for amino acids (lysine, methionine + cystine, threonine and tryptophan), minerals (calcium, phosphorus, sodium and trace elements), vitamins and choline, according to the recommendations by Rostagno et al. (2005) , replacing the kaolim (Table 1) . Diets were provided ad libitum and feeders were filled three times a day to avoid wasting.
The excreta collection was performed once a day starting at 8:00 am in trays coated with plastic to prevent loss. Diets and leftovers were weighed and recorded, respectively, at the beginning and the end of the experimental period of collection for determining the feed intake of each experimental unit. Animals were also weighted in the beginning and end of experiment (eight days). During the BF -basal feed; RDNC -replaced diet with no correction; RDWC -replaced diet with 100% of correction; MNC -maize with no correction, MC50 -maize with correction at 50%; MC100 -maize with correction at 100%. 1 Containing per kg of the product: zinc -110 g; selenium -360 mg; iodine -1,400 mg; copper -20 g; manganese -156 g; and iron -96 g. 2 Containig per kg of the product: folic acid -1,600 mg; pantothenic acid -29,000 mg; biotin -60 mg; butylated hydroxytoluene (BHT) -5,000 mg; niacin -37,000 mg; vitamin A -20,000,000 UI; vitamin B 1 -3,000 mg; vitamin E -40,500 UI; vitamin B 12 -27,000 mcg; vitamin B 2 -12,000 mg; vitamin B 6 -6,000 mg; vitamin D 3 -5,000,000 UI; and vitamin K 3 -4,800 mg. 3 Amino acids expressed in ileal digestibility. * Composition calculated according to Rostagno et al. (2005) . collection period, excreta were packed in plastic bags and stored at -5 °C until the end of the experiment, when they were thawed, weighed and homogenized.
Homogenized samples of approximately 400 g of excreta were collected and pre-dried in forced ventilation oven (55 °C) during 72 hours. Later, they were weighed again to determine the air-dried sample and ground in a knife-type mill with 1.0 mm sieve. Then, they were forwarded to the laboratory to determine the dry matter (DM), gross energy (GE) and nitrogen (N), along with samples of experimental diets. All laboratory analyses were performed at the Laboratory of Animal Nutrition at the DZO -UFLA, following methodology described by Silva & Queiroz (2002) .
The apparent metabolizable energy -AME and nitrogen-correct apparent metabolizable energy -AMEn values, apparent metabolizable coefficient of dry matter (AMC DM ) and crude protein (AMC CP ) were determined using the equations proposed by Matterson et al. (1965) .
Data were submitted to analysis of variance after the normality test (Shapiro-Wilk) and means were compared by the Scott-Knott test adopting probability of 0.05. All statistical analyzes were performed using the SISVAR (System for Analysis of Variance for Balanced Data, version 5.0).
Results and Discussion
The total correction of the nutrients increased (P<0.01) the AME and AMEn values as in the maize-replaced basal diet as pure-feed methodology (Table 2) . Pure maize with 100% of nutritional correction increased the AMEn in dry matter in 912 kcal/kg (33%), while 50% of correction increased it in 282 kcal/kg (8.4%) compared with non-corrected maize. In the maize-replaced basal diet, the nutritional correction increased the AMEn in 234 kcal/kg (6.6%). These results are in agreement with Avila et al. (2006) , who observed that the correction of diets with microminerals, vitamins and choline increased the energetic values of soybean meal. Even working with enzyme complex, Groppo et al. (2010a) also observed an increase of 326 kcal/kg of AMEn in maize when nutritional corrections were made in the diets. These results can be linked to the imbalance in nutrients in test diets without nutritional correction, which can probably lead to lower absorption in the gastrointestinal tract and lower energetic values of feed determined.
Considering 100% of corrections, no difference (P<0.01) was observed in values of AMEn determined by pure maize or by the diet partially replaced. However, when the correction was not performed or was partially used, the use of pure maize resulted (P<0.01) in lower AMEn when compared with partially-replaced diet. This result shows that the presence of essential nutrients can influence the energetic values of feeds.
Recently, Trindade Neto et al. (2010) verified that lysine levels affected the AMEn values of the diet, but did not observe the same effect with different levels of zinc. Silva et al. (2008) also observed no differences in energy levels of the diets when working with different levels of phosphorus. On the other hand, Cardoso Júnior et al. (2010) verified that the relationship of this element with calcium is important in determining the energy values of the diets. It is important to mention that these authors did not work with a particular feedstuff, but the little variation of some nutrients can influence the energy values of the feedstuffs and probably of the diet as well. This occurs because of metabolic changes due to imbalance of dietary nutrients. In the present study, where there was a wide variation in nutritional composition between experimental diets, such metabolic changes can be better evidenced. In this case, the nutritional diet corrections may be important to estimate of energetic values of feeds, leading to an adequate balancing of diets to poultry.
These results suggest that the energy values normally determined with no nutritional correction may be underestimated, probably due to the greater deficiency of vitamins, minerals and amino acids, mainly in pure Table 2 -Apparent metabolizable energy (AME), nitrogen-corrected AME (AMEn) and apparent metabolizable coefficient of dry matter (AMC DM ) and crude protein (AMC CP ) of pure maize or basal diet partially replaced by corn with different levels of nutritional correction (on dry matter) maize. These nutrients have a notable role in the absorptive process.
Regarding the apparent metabolizability coefficient of dry matter (AMC DM ), it was observed that the nutritional correction of pure maize and maize-replaced diet resulted in higher (P<0.01) values. The 50 or 100% nutritional correction of pure maize increased the AMC DM values in 23 and 33% and the 100% of nutritional correction of partially-replaced diets increased it in 9%. Once more, this result suggests a better balance of nutrients when values are corrected, improving the use of nutrients in. The same result can be seen with the apparent metabolizability coefficient of crude protein (AMC CP ), but for pure maize, 50% of nutritional correction showed better results. In both variables, the use of partially-replaced diet with nutritional correction resulted in higher values when compared with pure maize, with values 5.3 and 52.5% higher for AMC DM and AMC CP , respectively. This shows that the AMC CP is more influenced by nutrient balance of the diets than the AMC DM .
It was observed that the 50% nutritional correction in pure maize resulted in higher AMC CP , in comparison with pure maize with or without 100% of corrections. This increase was of 14 and 41%, respectively. This can be due to excess or lack of free amino acid in these diets, reducing the AMC CP values. In both cases, a competition between amino acids by the absorption site in enterocytes may have influenced these negative values. According to Rutz (2002) , the existence of transport proteins common to amino acids indicates the competition between them during the absorptive process. In addition, the amino acid unbalance is critical because diets deficient in one or more essential amino acids harm the normal growth of the birds. Groppo et al. (2010b) also verified an increase in the AMC DM and AMC CP when using nutritional correction on the test diets. Reports in the literature show that individual levels of some nutrients can also interfere with the determination of these values. found that dietary supplementation with vitamin C and chromium increased the nutrient digestibility of dry matter, organic matter, crude protein and ether extract of poultry diets. also observed an increase in nutrient digestibility after dietary supplementation only with vitamin C in Japanese quails. On the other hand, Chae et al. (2006) reported that energy use and apparent metabolizability coefficient of crude protein and ether extract of the diets were significantly reduced when vitamin E was added. In spite of these results, considering nutrients separately, it is important to consider the many interactions between them, which not only influence the intestinal absorption capacity, but also the gastrointestinal health and the use by the cells of the organism.
It was observed that pure maize supplied with 100% nutritional corrections showed lower (P<0.01) feed intake and weight gain during the experimental period, confirming previous findings of lower utilization of nutrients (Table 3) . According Bertechini (2006) , the imbalance of amino acids in the diet can lead to physiological and metabolic changes that influence the feeding behavior of animals in an attempt to regulate the concentration of amino acids in plasma and tissues due to inadequate absorption. This results in limited tissue protein synthesis and an excess of amino acids that are not used for this purpose, increasing the nitrogen excretion by birds, confirming the lower AMC CP obtained with pure maize without correction or with 100% of corrections, which represent a condition of excessive amino acids.
The weight gain was higher (P<0.01) when the partiallyreplaced diets were used with regard to pure maize, regardless of corrections. This result confirms that the methodology by replacement is better to determine the nutritional values of feedstuffs due to performance closer to the conditions in which poultry are raised. However, it must be considered that the short experimental period may have not been enough for the birds to manifest negative response to the test diet with no correction. Nevertheless, the use of pure feed results in lower bird performance in this period.
The results of present study confirm the importance of using nutritional correction, either with pure feed or with Table 3 -Feed intake and weight gain of broilers during the experimental period partially-replaced diet and provide subsidies to future research studies with others ingredients that can be used in poultry nutrition. The knowledge of real nutritional values of feedstuffs leads to lower errors at the formulation of diets and improves broiler performance.
Conclusions
The absence of nutritional correction underestimates energy and metabolizability values of nutrients from maize. The method of partial replacement of feed in the basal feed is the most suitable when determining the nutritional value of the feed.
